Introduction
In recent years, the use of suitable coordination complexes as the building blocks for the synthesis of oligomers or polymers has attracted much interest. Indeed, many materials obtained by self-assembly synthesis strategies exhibit novel structural topologies and/or suitable optical and/or magnetic properties [1] [2] [3] [4] [5] [6] [7] [8] . Nitrilotriacetic acid (H 3 nta) is used as a complexing agent to form coordination polymers [9] [10] [11] [12] [13] . Many studies reported that protonated and deprotonated nitrilotriacetates afforded various Cu complexes, and the nitrilotriacetato ligand behaved as a tridentate or tetradentate chelate that binds through the amino N and carboxyl O atoms [14-19] . Among these complexes, several Cu atoms acted as tetradentate chelating agents instead of tridentate chelating agents in the formation of coordination polymer. Herein, we report new types of polymeric Cu nitrilotriacetate complexes [Co(H 2 O) 6 ] n [Cu 2 (nta) 2 ] n Á 2nH 2 O (4) , on the structure of Cu(nta)
-anions was investigated.
1.5 h and filtered. After several days of slow evaporation of the solvent at room temperature, violet solids obtained were collected, washed with water, and air-dried to afford 2.6 g (5.49 mmol) of product 1 (27.5 % yield). Anal. Calc for C 6 
Physical Measurements
The infrared (IR) spectra were recorded using a Nicolet 360 FT-IR spectrometer. The elemental analyses were performed using an EA 1110 elemental analyzer.
2.4 X-ray Data Collection, Structure Solution, and Refinement
The structural analyses were performed using a Bruker Smart Apex CCD diffractometer with graphite monochromate Mo-Ka (k = 0.71073 Å ) radiation at 298 K. The data were collected for Lorentz and Polarization effects. An absorption correction was applied using the SADABS program [20] . The structures were primarily solved by the WinGX program [21] and refined by fullmatrix least-squares procedures with anisotropic thermal parameters for all the nonhydrogen atoms with SHELXL-97 [22] . All the H atoms on carbons were placed in calculated positions and refined in the riding mode. All the H atoms on H 2 O molecules were located from the difference Fourier maps and refined with the O-H bond lengths fixed at 0.85 Å . Summaries of crystallographic data for complexes 1, 3, 4 and 5 are listed in Table 1 . Selected bond distances and bond angles are listed in Tables 2 and 3 .
3 Results and Discussion
Synthesis
Complexes 1, 2, and 3 were directly synthesized by the reactions of CoCl 2 , NiCl 2 , and CuCl 2 with nitrilotriacetate, respectively, and further used as the reactants for the preparation of complexes 4 and 5. The pH value, molar ratio of the reactants, and reaction temperature were not crucial in the formation of complexes 4 and 5. Notably, strongly bonded monomeric nitrilotriacetato cobalt(II) or nickel anion was substituted by H 2 O molecules to form a tetradentate cation, which was different from the nitrilotriacetato Cu(II) anion. This is attributed to the formation of polymeric Cu nitrilotriacetato anion and the affinity of Cu 2? ion to nta ligand [23, 24] . The coordination constants (K a ) also show the same result (lgK Co-nta = 10.8, lgK Ni-nta = 11.53, and lgK Cu-nta = 12.96). The synthetic routes to complexes 1-5 are shown in Fig. 1 .
Infrared Spectra
In the IR spectra of complexes 4 and 5, the asymmetric stretching vibrations as (COO -) appear at 1,627 cm -1 , and the symmetric stretching vibrations s (COO -) appear at 1,399 cm -1 for the two complexes ( Figure S1 ). These bands were shifted to lower wavenumber compared to those of the free nitrilotriacetato ligand. The additional bands in the range 750-540 cm -1 can be attributed to the absorption of Cu-O or Cu-N (Tables 4, 5).
Description of Crystal Structures
The molecular structure of complex 3 is shown in Fig. 2 . The nta ligand coordinated to Cu in a tetradentate manner through three carboxyl O atoms (O1, O3, and O5) and one N atom. The fifth coordination site of Cu was occupied by a Cl -ion, forming a distorted trigonal bipyramidal coordination polyhedron around Cu ( Symmetry transformations used to generate equivalent atoms #1 -x, -y, -z ? 1; #2 x ? 1, -y ? 1/2, z -1/2; #3 x, -y ? 1/2, z -1/2; #4 x ? 1, y, z; #5 x,-y ? 1/2,z ? 1/2 #6 x -1, -y ? 1/2, z ? 1/2; #7 x -1, y, z dimensional (1D) zigzag chains along the c axis (Fig. 2b) . The barium chains were further connected by the CuCl(nta) 2- anions to form a three-dimensional (3D) network (Fig. 3) to form a 1D polymer. Complex 1 is an allomer of 3; the molecular and crystal structures of complex 1 are shown in the Supplementary Information ( Figure S2) .
In complex 4, each asymmetric unit contains two Cu 2? ions, both of which lie in the center of a coordination octahedron (Fig. 4) . Each coordination octahedron was obtained from one N atom and three carboxyl O atoms from one nta ligand and two carboxyl O atoms from two adjacent nta ligands. Bridged by the carboxyl O atoms (O6 and O8), the coordination octahedrons are linked to 1D zigzag chain in a share-apex mode (Fig. 5 ). In the octahedral geometry, the axial bonds of the Cu 2? ions were weakened by the Jahn-Teller distortion. Therefore, the two axial Cu-O bond lengths (2.329 and 2.406 Å ) are clearly longer than the four equatorial Cu-O and Cu-N bond lengths in the range from 1.937 to 2.027 Å ( The structural difference in complex 3 and 4 may be caused by the difference in ion radius and maximum coordination number between barium and cobalt cations. With larger ion radius, the barium ions have a maximum coordination number of ten, which makes it be coordinated by the carboxyl O atoms from nta ligands besides the water molecules. On the other hand, with a much smaller ion radius, the cobalt ions have a maximum coordination number of six which makes it be coordinated by six water molecules and forming a stable coordination octahedron. As a result, the cobalt ions were not coordinated by the carboxyl O atoms from nta ligands, which make it to be presented as isolated hydrated ions.
The coordinated H 2 O O O [28] . The molecular structure of complex 5 was similar to that of 4 and is shown in the Supplementary Information ( Figure S3 ).
Description of Thermal Stability
To examine the thermal stability of the title complexes, thermogravimetric analysis (TG) were carried out in the range of 20-800°C (Fig. 6) . For complex 1, the first weight loss of 11.2 % from 60 to 110°C (peak: 110°C) corresponds to the loss of three coordinated water molecules of Ba 2? ion (calculated, 11.4 %). The remaining substance does not lose weight below 400°C (peaks: For complex 4, the first weight loss of 15.8 % from 80 to 165°C (peak: 160°C) corresponds to the loss of six coordinated water molecules of Co 2? ion (calculated: 15.3 %). In 190-420°C region (peak: 380°C), the nitrilotriacetic acid ligands began to decompose when the temperature raise up. Finally, CuCO 3 ÁCoCO 3 was obtained (residual mass: observed, 34.9 %; calcd, 34.1 %). The TG results complex 5 was similar to that of complex 4.
Through thermal decomposition of mixed-metal nitrilotriacetate coordination polymers, BaCO 3 ÁCoCO 3 , CuCO 3 ÁCoCO 3 or CuCO 3 ÁNiCO 3 were obtained. The TG results here proposed a method for the preparation of binary mixed-metal carbonate.
Conclusions
Mixed-metal nitrilotriacetate coordination polymers, MCu(nta), were synthesized. The cations exhibited template effect on the structure of the anions, Cu(nta) -. The results here indicate that the radius and maximum coordination number of cations are important factor for the structure of coordination polymers. Our research work may give some insight into the design of coordination polymers and metal-organic frameworks (MOFs).
Supporting Information
Crystallographic data for the structures reported in this paper have been deposited with the Cambridge Crystallographic Data Centre (CCDC). The assignment of CCDC codes are no. 979211-979214 for complex 1, 3, 4 and 5, respectively. Copies of the data can be obtained free of charge on application to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (fax: ?44 1223 336 033; E-mail address: deposit@ccdc.cam.ac.uk).
Acknowledgments This work was supported by the Education Department of Fujian (Grant No. JA12216).
Open Access This article is distributed under the terms of the Creative Commons Attribution License which permits any use, 
weight (%)
Temperature (°C) distribution, and reproduction in any medium, provided the original author(s) and the source are credited.
